Dynamic mechanical deformation of neurons triggers an acute calcium response and cell injury involving the N-methyl-D-aspartate glutamate receptor.
A biomechanical in vitro model of traumatic brain injury was used to examine cellular response to physical insults and the underlying mechanisms that lead to cell dysfunction. A cell shearing injury device was used to deform human NTera-2 neurons at high loading rates during the investigation of mechanisms of cytosolic free calcium increases, which may be detrimental to a cell. Cytosolic free calcium rose immediately to almost three times baseline and was associated with lactate dehydrogenase release at 24 hr, indicating significant cell injury. Low loading rates did not elicit these responses. A major portion of the calcium increase and subsequent cell injury was dependent on the presence of extracellular free calcium. Blocking the N-methyl-D-aspartate glutamate receptor complex with dizocilipine maleate attenuated calcium increases by 45% in injured neurons and blocked a significant part (50%) of the lactate dehydrogenase release. In addition, pretreatment with nifedipine or riluzole also significantly reduced cytosolic free calcium but did not affect cell injury, whereas tetrodotoxin had no affect on either outcome parameter. These results suggest that the increased membrane permeability and immediate calcium influx associated with this model of mechanical injury trigger several cellular pathways, including N-methyl-D-aspartate receptor-mediated cell damage.